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2additional lever arm, which allows to vary both quark
momenta x and  independently. This additional lever
arm of the DDVCS compared to the DVCS process has
already been noted in Refs. [10, 11, 12]. Also, the lepton





p reaction has been studied [13]. In this letter,
we provide the rst numerical estimates of the DDVCS
and its competing processes and show how the GPDs can
be directly extracted from DDVCS observables.





reaction, which is characterized by the four-
momenta : k (k
0
) of the incoming (scattered) leptons l,
p (p
0












To see how the DDVCS process can yield more com-
plete information of GPDs than the DVCS process, one
rst has to discuss its richer kinematics. The DDVCS
process is characterized by 8 independent kinematical
variables. Firstly, there are the same 5 kinematical vari-
ables which specify the DVCS process and which we





of the incoming photon in the upper left diagram of




, where q  k k
0





=(2p:q); the four-momentum transfer to
the nucleon t  
2
, where   p
0
  p; and the out-of-
plane angle  between the production plane, spanned by
the vectors ~q and ~q
0







. Furthermore, one needs 3 addi-
tional variables to fully characterize the DDVCS process













pair; and the 2 angles of one lepton of













, we calculate the DDVCS process in the
handbag approximation as shown in Fig. 1 (upper left























































































where  () refer to the four-vector indices of the incom-
ing spacelike (outgoing timelike) virtual photons respec-
tively, n is a light-like vector along the direction of the
incoming virtual photon, and where we refer to Ref. [7]
for the expressions of the symmetrical (antisymmetri-






). Furthermore, in Eq. (1),
N (p); N (p
0
) represent the nucleon spinors and m
N
is the




E in Eq. (1) are the
same as in the DVCS case, and depend on the arguments
x, , and t, with x and  as dened in Fig. 1. The coef-
cient functions C

in the DDVCS amplitude of Eq. (1)




















) are the longitudinal momentum
fractions of the incoming spacelike and outgoing timelike
virtual photons respectively (see Fig. 1). In the large
Q
2









  ) appearing in the quark propagators in Eq. (2)









































=4. For the DDVCS process, by vary-
ing the virtualities of both incoming and outgoing virtual
photons, one can vary independently the variables,  and

0
, whereas, in DVCS, only one variable can be varied as
  
0
. One then sees from Eqs. (1,2) that the imaginary
part of the DDVCS amplitude (which can be directly
measured through the beam helicity asymmetry as dis-
cussed further on) will access, in a concise notation, the
GPD(2
0
  ; ; t), and allows to map out the GPDs as
function of its three arguments independently. In the
second line in Eq. (3), we have indicated the expression
in the large Q
2
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FIG. 2: Range in the argument x = 2
0
  (relative to ) of the
GPD (x;; t) which one accesses by measuring the imaginary
part of the DDVCS process at dierent values of the lepton
invariant mass q
02
(relative to the initial virtuality Q
2
).
a timelike virtual photon (i.e. q
02
> 0), one can only
access the x <  region in the arguments (x; ; t) of the





ways be less than 1. Therefore, the imaginary part of
3the DDVCS amplitude maps out the GPD where its rst
argument lies in the range 0 < 2
0
   < . In particular,
when q
02
is varied from 0 to Q
2
=2, the argument x spans
about 2/3 of the range [x; ]. Although one does not
access the whole range in x, clearly, the gain of informa-
tion on the GPDs is tremendous as no deconvolution is
involved to access this region of the GPDs. Furthermore,
x <  is just the range where the GPDs contain wholly
new information on mesonic (qq) components of the nu-
cleon, which is absent in the forward limit (where  = 0).
To access the range x >  one would need two spacelike
virtual photons, necessitating to select the two-photon
exchange process in elastic electron nucleon scattering.





contains two classes of Bethe-Heitler (BH) processes as
shown in Fig. 1. The BH processes are fully calculable as
they involve elastic nucleon form factors. Furthermore,
the outgoing timelike photon which couples pointlike to
the quark line in the DDVCS process can also originate
from a neutral vector meson (VM) which couples to the
quark line through a one-gluon exchange (upper right di-
agram in Fig. 1). For the contamination of the VM pro-
duction, we estimate it by the leading order amplitude
for the hard electroproduction of longitudinally polar-
ized VM [14]. For this process, which is of order O(
s
)
in the strong coupling constant compared to the handbag
process, a factorization theorem has been proved [15], al-
lowing to express its amplitude also in terms of GPDs.
In the following, we will estimate the coherent sum of




































































are the amplitudes for the BH, DDVCS and VM
processes respectively. When integrating Eq. (4) over the




pair, the resulting DDVCS
cross section reduces in the limit q
02






















where the DVCS cross section appears on the rhs of











 1=137 is the ne structure constant, intro-
duced by the decay of the outgoing photon into the lepton
pair. One sees that the downside of the DDVCS process





, the DDVCS cross section is reduced by at




) compared to the DVCS
cross section. At lower values of q
02
, the DDVCS cross
section rises however as 1=q
02
.
Besides the DDVCS cross section, a particularly infor-
mative observable is obtained by scattering a longitudi-
nally polarized lepton beam and ipping its helicity. The
resulting single spin asymmetry (SSA) originates from













Because the BH process is real, the SSA accesses the
imaginary part of the DDVCS + VM process, which is
proportional to the GPD(2
0
  ; ; t) (see Eqs. (1,2)).
In Fig. 3, we show the q
02
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FIG. 3: Cross section (upper panel) and SSA (lower panel) of











. Dashed curves : BH processes; dashed-dotted curves :
BH + DDVCS processes, full curves : BH + DDVCS + 
0
L
processes. The dotted curves are the corresponding results for









, in order to reproduce exactly the ep ! ep
cross section in the limit q
02
! 0, according to Eq. (5).





kinematics accessible at JLab. As the twist-2 SSA basi-
cally displays a sin structure, we show its value at  =
90
o
. For the GPDs, we use a -dependent parametriza-
tion (see Refs. [7, 14]), using the MRST01 [16] forward
quark distributions as input. As is seen from Fig. 3,









ep! ep cross section when approaching the real photon





reduces to the corresponding SSA for the ep! ep pro-
cess. When going to larger virtualities q
02
, the DDVCS
shows a growing deviation from the 1=q
02
behavior and
the magnitude of the SSA decreases. Furthermore, we








cess (upper right diagram of Fig. 1), which is the most
pronounced VM process. We nd that, except in the im-













very small. This can be understood because the cross











compared to the 
0
L
process, whereas the DDVCS
cross section is only reduced by a factor 
em
compared
to the DVCS cross section. Similarly, the SSA is only
slightly aected by the VM process and is dominantly
proportional to the imaginary part of the DDVCS pro-
cess according to Eq. (7). The strong sensitivity of the
SSA on q
02
, as seen from Fig. 3, should therefore allow
to map out the GPDs in the range x < .











) processes for a
typical kinematics accessible at JLab at 6 GeV. Whereas
the ep ! ep
0
L
process is roughly comparable to the
DVCS + BH one for these kinematics, their \timelike"
analogues, show that the 
0
L
channel is suppressed by 2
orders of magnitude with respect to the DDVCS+BH.
Given that about 10
4
DVCS+BH events were mea-
sured recently at CLAS [2] in an eective 4-day data







dedicated experiment, it can certainly be envisaged that
the DDVCS+BH cross section, which is about 3 orders
of magnitude lower, be measured with a dedicated long-







jected at CLAS for the upgrade of JLab at 12 GeV, or at
a future dedicated lepton facility, would allow to measure
this reaction with reasonable statistics.
In conclusion, we have studied the DDVCS process
with the production of a timelike virtual photon, decay-




pair. We have expressed the DDVCS
amplitude in terms of GPDs and have shown that by
varying the virtuality q
02
of the timelike photon, one can
map out the GPDs as function of both initial and nal
quark momentum fractions. We have given cross section
estimates for the DDVCS and its associated processes.
Although the cross sections are small, their measurement
seems feasible with a dedicated experiment at JLab and
at a future high-energy, high-luminosity lepton facility.
Of particular interest is the SSA using a polarized lepton
beam. We have shown that by measuring the SSA, one
can directly extract the GPDs in the domain where one
is sensitive to qq correlations in the nucleon, providing a
whole new source of nucleon structure information which
is absent in forward quark distributions.
e
-






 + p → e- + p + (γ, ρ0L)
å(e-e+)






=6 GeV, Q 2=2.5 GeV 2, xB=0.3, Φ=0 deg.
FIG. 4: Comparison of the dierent cross sections (as indi-
cated on the curves) for the ep ! ep(; 
0
L





(right panel) reactions in JLab kinematics.
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